INTRODUCTION
============

Diabetes mellitus (DM) has become the most common single cause of end-stage renal disease (ESRD) worldwide \[[@B1]-[@B3]\]. Up to 50% of patients with type 2 DM manifest with renal involvement, as evidenced by albuminuria \[[@B3]-[@B5]\]. However, renal diseases other than diabetic nephropathy (DN) can occur in patients with DM.

Renal biopsy remains as integral part of clinical nephrology practice because the information it provides is pivotal for making a specific diagnosis, for planning patient management, and for evaluating disease activity and prognosis \[[@B6]\]. However, due to its invasiveness, renal biopsy is not routinely performed in patients with DM presenting with proteinuria. This is potentially problematic, as renal biopsies from patients with DM and renal disease have revealed a heterogeneous group of renal lesions. In previous reports, the rate of nondiabetic renal disease (NDRD) ranged from 27% to 79% based on renal biopsies performed in patients with DM and renal involvement \[[@B7]-[@B15]\]. Some of these disease entities are remittable, and some cases are treatable when correctly intercepted. Thus, the importance of an accurate diagnosis to a successful renal outcome cannot be underestimated.

Unfortunately, distinguishing between NDRD and DN in patients with DM remains challenging, and there are no clear indications for renal biopsy. Furthermore, the nature of NDRD in patients with DM has not yet been documented in Korea. This study was carried out to investigate the clinical course and prognosis of NDRD in a Korean population, to identify predictors of NDRD in patients with DM and renal involvement, and to establish possible indications for renal biopsies in patients with DM.

METHODS
=======

We retrospectively reviewed renal biopsy specimens of 110 adult patients with type 2 DM, as defined by the World Health Organization, between January 2000 and December 2011 at two nephrology centers, Kyung Hee University Medical Center and Kyung Hee University Hospital at Gangdong, Seoul, Korea. Patients with malignancy, inadequate biopsy, incomplete medical records, or a history of kidney transplantation were excluded. The indications for biopsy were retrospectively assessed according to the following categories: 1) unexplained acute kidney injury, 2) sudden onset of heavy proteinuria, 3) hematuria, 4) sudden increase in serum creatinine level in the absence of retinopathy, and 5) other.

Written consent was obtained from all patients. All biopsy specimens were prepared by standard methods and examined by the same group of pathologists and technicians. Light microscopy, immunof luorescence, and electron microscopy were performed in all cases. Pathology reports were reviewed and patients were classif ied into three groups: group I, isolated DN; group II, NDRD superimposed on DN; and group III, isolated NDRD. The following data were collected at the time of renal biopsy: age, sex, height, weight, duration of diabetes, presence of retinopathy, urinalysis with microscopy, underlying medical conditions, and events leading to the renal biopsy. Additional parameters such as long axis length of the kidney and levels of blood urea nitrogen, serum cholesterol, serum albumin, serum creatinine, and glycosylated hemoglobin (HbA1c) were also collected. Hematuria was defined as five or more red blood cells per high power field noted on the most recent urinalysis prior to biopsy. Proteinuria was quantified using the spot urine protein to creatinine ratio or 24-hour urine total protein. Diabetic retinopathy was diagnosed in the presence of background retinopathy with or without proliferative changes on fundoscopy and fluorescein angiography.

Statistical analysis
--------------------

The results are presented as means ± SD. Differences between groups were assessed with the *t* test or analysis of variance for continuous variables, and with the chi-square test for categorical variables. Kaplan-Meier analysis was used to compare unadjusted ESRD-free survival. Independent predictors of NDRD were determined by multiple logistic regression analysis. Values of *p* \< 0.05 were considered to indicate significance. Statistical analyses were performed using PASW Statistics version 18 (IBM Co., Armonk, NY, USA).

RESULTS
=======

Clinical predictors of NDRD
---------------------------

A total of 110 Korean patients with type 2 DM were included in this study. Of these, 41 patients (37.3%) had a pathologic diagnosis of DN, 10 (9.1%) had NDRD combined with DN, and 59 (53.6%) had NDRD without evidence of DN. [Table 1](#T1){ref-type="table"} shows the types of NDRDs detected. The most common nephropathy among the 59 patients with NDRD was immunoglobulin A nephropathy (IgAN), which accounted for 43.5% of all NDRD. Membranous glomerulonephritis (MGN) accounted for 14.5%, followed by crescentic glomerulonephritis (7.2%) and tubulointerstitial nephritis (4.3%). Indications for biopsy included sudden onset of heavy proteinuria (\> 3.5 g/day) in 47 cases, hematuria in 33, unexplained acute kidney injury in 22, sudden increase in serum creatinine level in the absence of retinopathy in three, and other reasons in five cases ([Table 2](#T2){ref-type="table"}).

[Table 3](#T3){ref-type="table"} summarizes the baseline patient demographics along with clinical and biochemical parameters. No differences in age, gender distribution, or body mass index were observed among the three groups. However, patients with isolated DN had a significantly longer history of diabetes before biopsy than those with NDRD (12.85 ± 7.54 years vs. 3.4 ± 2.64 years vs. 4.13 ± 4.79 years, I vs. II vs. III; *p* \< 0.001). Notably, hematuria occurred more often in the presence of NDRD (34.1% vs. 60% vs. 59.3%, I vs. II vs. III; *p* = 0.04). The differences in baseline serum creatinine levels and urinary protein excretion did not reach significance. Albumin, total cholesterol, serum IgA level, and serum IgG level did not differ significantly between groups. HbA1c levels were higher in patients with isolated DN than in patients with NDRD superimposed on DN (8.43% ± 2.49% vs. 6.18% ± 0.68%, respectively; *p* = 0.02). No difference in kidney size or the incidence of hypertension was observed between the groups. A higher prevalence of diabetic retinopathy was evident in patients with isolated DN than in those with NDRD (75.6% vs. 10% vs. 20.3%, I vs. II vs. III; *p* \< 0.001). Multiple logistic regression analysis revealed that diabetes duration and retinopathy were independent factors correlated with NDRD ([Table 4](#T4){ref-type="table"}). These findings are in agreement with previous studies that also identified the absence of retinopathy and short diabetes duration as strong predictors of NDRD \[[@B7]-[@B11],[@B15]\].

Complications after renal biopsy
--------------------------------

Renal color Doppler ultrasonography was performed after renal biopsy in all subjects to check for complications related to the procedure. Complications after renal biopsy occurred in 25.4% (28/110) of the patients, with the majority of the patients (74.6%, n = 82) experiencing no complications after renal biopsy. The prevalence of complications did not differ significantly among the three groups. The most common complication was perirenal bleeding (19%, n = 21), followed by arteriovenous fistula (6.4%, n = 7). All complications resolved spontaneously within 48 hours. No life-threatening complications requiring massive transfusion, arterial embolization, or surgery occurred.

Clinical course and prognosis
-----------------------------

[Table 5](#T5){ref-type="table"} shows the medications used to treat underlying diseases. No difference was observed in the use of angiotensin converting enzyme inhibitors or angiotensin receptor blockers among the three groups. However, the use of steroids and immunosuppressants such as cyclosporine was predominant in patients with NDRD (steroids, 2.4% vs. 60% vs. 61%, I vs. II vs. III, *p* \< 0.001; immunosuppressants, 7.3% vs. 50% vs. 28.8%, I vs. II vs. III, *p* = 0.004). Patients with isolated DN tended to show more rapid deterioration of renal function, although the difference failed to reach significance ([Table 5](#T5){ref-type="table"}). Patients with DN were associated with a higher final serum creatinine level and higher urinary protein excretion. Patients with NDRD has a higher cumulative renal survival rate (percentage of patients not reaching ESRD) compared with patients with isolated DN ([Fig. 1](#F1){ref-type="fig"}), who were more likely to progress to ESRD and require dialysis (23.5% vs. 0% vs. 5.5%, I vs. II vs. III; *p* \< 0.001 for I vs. III, *p* = 0.006 for I vs. II) ([Table 5](#T5){ref-type="table"}).

DISCUSSION
==========

In this study, patients with type 2 DM who underwent renal biopsy were divided into three groups according to the underlying pathology of the renal disease: DN alone, NDRD combined with DN, or NDRD alone. More than half of the patients (62.7%) had NDRD. This finding is in accordance with recent studies reporting NDRD prevalence rates of 27% to 79% in patients with DM who underwent renal biopsy for various reasons. IgAN was the most common disease entity in the present study, accounting for 43.5% of all NDRD cases. This may explain the positive correlation between NDRD and hematuria. According to previous reports on NDRD in patients with type 2 DM ([Table 6](#T6){ref-type="table"}), patients in southeast Asia, namely, South Korea, Hong Kong, Taiwan, and China, had a high incidence of IgAN. Our finding was comparable to these previous results. Moreover, IgAN is the most common primary glomerulonephritis in the general South Korean population, with a prevalence of 28.3% to 50.6% depending on the study \[[@B16],[@B17]\]. In contrast, a recent study from the United States reports focal segmental glomerulosclerosis as the most common glomerular disease in adults, suggesting a change in the pattern of glomerular diseases \[[@B18]\]. The differences in prevalence patterns for glomerulopathies among various populations of patients with type 2 DM may reflect hereditary and racial predispositions for specific glomerulopathies.

Diabetic retinopathy was seen more frequently among patients with DN in the present study, as in other recent studies ([Table 6](#T6){ref-type="table"}). This finding confirms the accepted view that the absence of retinopathy indicates the possibility of NDRD and thus warrants a renal biopsy. Because DN is a chronic complication of diabetes, occurring 5 to 10 years after onset or diagnosis of diabetes, patients with DN in the present study had significantly longer disease duration. Thus, shorter duration of type II DM was an indicator of NDRD in the present patient population. Furthermore, although the difference was not significant, patients with NDRD in our study tended to have higher serum IgG levels ([Table 3](#T3){ref-type="table"}). In contrast, Weng et al. \[[@B19]\] reported a reduced serum IgG level as an indicator of NDRD in patients with type 2 DM. It is possible that our results are inaccurate because serum IgG levels were not available for all study subjects. A more structured, large-scale study may resolve this apparent discrepancy.

Nephrologists are often reluctant to perform a renal biopsy because of the potential complications related to the procedure. However, our retrospective review found renal biopsy to be a relatively safe procedure, with minor complications reported in 25.4% of cases and no reports of serious complications requiring massive transfusion, intervention, or surgery.

It is important to note that IgAN and MGN combined accounted for more than 50% of all NDRDs in the present study. These disease entities are potentially modifiable with agents other than standard renin angiotensin blockers. This high incidence of potentially treatable diseases may explain the more prevalent use of steroids and immunosuppressants in the NDRD groups in our study. Furthermore, this aggressive medical intervention might have contributed to the better renal outcomes observed in the NDRD groups. Despite similar baseline serum creatinine levels at the time of renal biopsy, the DN group experienced a faster rate of decline in creatinine clearance and a greater likelihood of progression to ESRD compared with the NDRD groups ([Table 5](#T5){ref-type="table"}). Although treatment did not always result in complete remission, even partial remission prolonged renal survival in our study. Notably, the prognosis for patients with NDRD and DN (group II) was better than the prognosis for patients with DN alone (group I). One possible explanation for the better prognosis is that patients in group II had a relatively shorter duration of diabetes and thus less severe DN compared with the patients in group I. None of the biopsies in group II patients showed pathological findings of advanced DN, such as nodular glomerulosclerosis (Kimmelstiel-Wilson) or diabetic sclerosis. All glomerular lesions in group II belonged to class I (isolated glomerular basement membrane thickening) or class IIa (mild mesangial expansion), as defined by the Renal Pathology Society classification. The clinical manifestations in group II could be attributed primarily to NDRD, which is more readily reversible and responsive to steroids and immunosuppressants, with a better prognosis. Nevertheless, as there were only 10 patients with combined NDRD and DN (group II), our data for analyzing outcomes in this group are limited. A study with a larger number of patients may clarify these results.

The rapidly escalating incidence of DM is associated with increased morbidity and mortality worldwide, and the complications associated with the disease have attracted much attention. DN affects up to 50% of patients with DM \[[@B3],[@B4]\]. The indications for renal biopsy in type 1 DM have been somewhat established: microhematuria, absence of diabetic retinopathy, uncharacteristic change in renal function, or immunological abnormalities \[[@B20]\]. Unfortunately, the indications are not as clear in patients with type 2 DM. Renal involvement in patients with type 2 DM is frequently overlooked, and when DN is diagnosed, it is almost always based solely on clinical f indings. A renal biopsy is rarely performed to confirm the etiology because there is no formal justif ication or uniform pathological classification system for DN that is closely related to clinical renal outcomes or that may improve clinical management \[[@B7],[@B21]\]. However, in several recent studies, renal biopsies from patients with type 2 DM and renal disease have revealed a heterogeneous group of disease entities \[[@B7]-[@B15]\]. Furthermore, because renal survival can be prolonged with early initiation of disease-specific therapy in patients with DM and NDRD, a swift and accurate diagnosis is crucial, necessitating established indications for renal biopsy in patients with type 2 DM and renal involvement. Through this retrospective study, we have identified shorter duration of diabetes and absence of retinopathy as factors associated with NDRD. For patients having these factors, a renal biopsy should be recommended to allow for precise diagnosis and prompt treatment, leading to better renal survival and the avoidance of ESRD.

Some limitations of our study should be discussed. Because most of our study patients were initially selected for renal biopsy owing to a high suspicion of underlying NDRD, our results may overestimate the true number of patients with NDRD. Although hematuria was the sole indicator for renal biopsy in 33 patients, the presence of red cell casts or acanthocytes was not evaluated, and the amount of hematuria was not quantified. Moreover, the results cannot be readily extrapolated to the general population of patients with DM and renal involvement. Additional limitations of the present study are its retrospective design, small sample size, and heterogeneous treatment modalities.

In conclusion, our study population represented a select group with high clinical suspicion of NDRD, and renal biopsies showed that more than half of the patients had NDRD. IgAN was the most common NDRD, followed by MGN. In patients with type 2 DM manifesting renal involvement, a short duration of diabetes (4.13 ± 4.79 years in this study) and the absence of retinopathy were independent predictors of NDRD. Patients with NDRD were associated with better renal outcomes, as evidenced by a higher cumulative renal survival rate. Especially considering its relative safety and low rate of serious complications, renal biopsy is recommended for patients with type 2 DM and risk factors for NDRD, to obtain an accurate diagnosis, prompt initiation of disease-specific treatment, and ultimately better renal outcomes.

KEY MESSAGE
===========

1\. The renal involvements in type 2 diabetes are frequently overlooked and designated as having diabetic nephropathy. However, renal biopsies from type 2 diabetic patients with renal disease comprise a heterogenous group of disease entities, some of which are remittable and in some cases, treatable.

2\. In type 2 diabetic patients manifesting renal involvement, short duration of diabetes and absence of retinopathy are independent predictors of nondiabetic renal disease (NDRD).

3\. From this study, we have recognized that patients with NDRD are associated with better renal outcomes. Therefore, renal biopsy should be recommended to type 2 diabetic patients with risk factors of NDRD for accurate diagnosis, prompt initiation of disease-specific treatment and ultimately, better renal outcomes.
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![Renal survival in the three groups. Percentage of patients not developing end-stage renal disease by the last follow-up. Group I, isolated diabetic nephropathy (DN); group II, nondiabetic renal disease (NDRD) superimposed on DN; group III, isolated NDRD. ^a^*p* = 0.006 for I vs. II, ^b^*p* \< 0.001 for I vs. III.](kjim-28-565-g001){#F1}
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Pathological findings in group II (nondiabetic renal disease superimposed on diabetic neuropathy) and group III (nondiabetic renal disease alone)
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Values are presented as number (%). group II, nondiabetic renal disease (NDRD) superimposed on DN; group III, isolated NDRD.

DN, diabetic nephropathy; IgA, immunoglobulin A.
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Indications for renal biopsy in patients with diabetes
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Values are presented as number (%). Group I, isolated diabetic nephropathy (DN); group II, nondiabetic renal disease (NDRD) superimposed on DN; group III, isolated NDRD.
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Patient demographics and clinical and biochemical parameters
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Values are presented as mean ± SD or number (%). Group I, isolated diabetic nephropathy (DN); group II, nondiabetic renal disease (NDRD) superimposed on DN; group III, isolated NDRD.

IgG, immunoglobulin G; IgA, immunoglobulin A; HbA1c, glycosylated hemoglobin.

^a^*p* value from chi-square test and analysis of variance.

^b^Significant difference between group I and group II.

^c^Significant difference between group I and group III.
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Clinical predictors of nondiabetic renal disease by multiple logistic regression analysis
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CI, confidence interval; HbA1c, glycosylated hemoglobin.
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Treatment modality and renal outcomes
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Values are presented as mean ± SD or number (%). Group I, isolated diabetic neuropathy (DN); group II, nondiabetic renal disease (NDRD) superimposed on DN; group III, isolated NDRD.

ESRD, end-stage renal disease; ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker.

^a^*p* value from chi-square test, ANOVA, and log-rank survival analysis.

^b^Significant difference between group I and group II.

^c^Significant difference between group I and group III.

^d^ESRD, defined as CrCl ≤ 15 mL/min/1.73 m^2^ (chronic kidney disease stage 5).
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Review of the literature on nondiabetic renal disease in type 2 diabetes mellitus
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NDRD, nondiabetic renal disease; DN, diabetic nephropathy; IgAN, immunoglobulin A nephropathy; AIN, acute interstitial nephritis; GN, glomerulonephritis; FSGS, focal segmental glomerulosclerosis.

^a^Clinical predictors of NDRD: 1) lack of retinopathy, 2) short duration of DM, 3) hematuria (microscopic red blood cell \[RBC\] or dysmorphic RBC on urinanalysis), 4) less prominent proteinuria, 5) lower glycosylated hemoglobin, and 6) other.
